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AbstratThe tt̄ prodution ross setion has been measured in the all-hadroni deay hannel using L ≈ 1 fb-1 ofRun IIa data (p17). Events with at least six high-pT jets were used in this analysis. At least two of the jetswere required to be b-tagged using the neural network b-tagger. All jets were required to be taggable tosuppress the e�ets of additional pp interations. The alpgen Monte Carlo generator was used to generatethe tt signal samples. The heavily QCD-multi-jet-dominated bakground was modeled using a speiallyseleted data sample. Signal was separated from bakground using a topologial likelihood. The resulting tt̄prodution ross setion was
σtt̄(mt = 170GeV/c2) = 7.9 ± 1.5 (stat) ± 1.6 (sys) ± 0.5 (lum) pb
σtt̄(mt = 175GeV/c2) = 6.9 ± 1.3 (stat) ± 1.4 (sys) ± 0.4 (lum) pbThe ross setion agrees with theoretial expetations.
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Chapter 11 Introdution2 At the Tevatron, with pp ollisions at √
s = 1.96 TeV, the dominant tt̄ quark prodution mehanism is3

qq̄ annihilation, followed by gluon fusion. At leading order in αs the ontributing proesses are shown in4 �gure 1.1. Flavour exitation and gluon splitting proesses beome important at next-to-leading order.5 (�gure 1.2). Sine the quark-gluon initiated proesses only ontribute starting at next-to-leading order, their6 ontribution is small ompared to the other two ases. At next-to-leading order the qq and gg initiated7 proesses ontribute approximately 85% and 15%, respetively. The absolute qq ontribution is well known,8 but due to the relatively large unertainties on the gluon PDFs the gg ontribution an vary from 11%�9
21% [1℄. Assuming a top quark mass of mt = 173 GeV/c2, the standard model predits a next-to-next-to-10 leading order1 tt prodution ross setion of 7.37 ± 0.56 pb [2℄. This predition is based on the teq6.5m11 PDF set. The unertainties ontain ontributions from PDF unertainties and renormalisation/fatorisation12 sale variations.13 1.1 Top quark pair deay modes14 In the standard model top quarks deay almost exlusively into a bottom quark and a W vetor boson.15 Cataloging top-antitop pair deays based on the deay produts of the Ws, the following hannels are16 distinguished:17 Both Ws deay into a qq pair: all-hadroni (or all-jets)18 While this hannel has by far the largest branhing ratio of all, ≈ 46%, its lak of distinguishing features19 (e.g. isolated leptons) makes it hard to distinguish from QCD multi-jet prodution. More importantly20 the QCD multi-jet ross setion is several orders of magnitude larger than that for tt prodution.21 On the other hand the absene of leptons, partiularly in ombination with the dominane of QCD22 multi-jet prodution, renders all other typial bakgrounds, like W+jets, negligible.23 Both Ws deay into e/µ and a neutrino: di-lepton24 The presene of two isolated leptons both aids in triggering and in o�ine event seletion, ompensating25 somewhat for the small branhing fration of ≈ 6%. However, eah lepton is assoiated by a neutrino,26 leaving the events kinematially underonstrained. This ompliates mass analyses in the di-lepton27 hannel.28 One deays into e/µ, one into a qq pair: lepton+jets29 With a branhing fration of ≈ 34% and a lear, isolated lepton to trigger and selet on this an be30 onsidered the `golden' tt deay hannel. Two of the three momentum omponents of the missing31 neutrino momentum an be determined using kinemati onstraints, leaving only an ambiguity on the32 sign of the z-omponent of the neutrino momentum.33 1More preisely: `an approximate NNLO ross setion whih is exat to logarithmi auray' [2℄.3
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(b)Figure 1.1: Leading order (O(α2s)) top-antitop pair prodution at the Tevatron: (a) quark-antiquark annihi-lation and (b) gluon fusion. Charge onjugated and `swapped' diagrams are impliitly inluded.
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(d)Figure 1.2: Next-to-leading order (O(α3s)) proesses ontributing to tt prodution at the Tevatron. (a), (b)Flavour exitation diagrams, (), (d) gluon splitting diagrams. The quark-gluon initiated pro-esses ((b), (d)) only ontribute at next-to-leading order and do not form a signi�ant ontribu-tion to the overall tt prodution ross setion. Charge onjugated and `swapped' diagrams areimpliitly inluded.One or both deay into a τ lepton1 The deay hannels involving τ leptons su�er from several di�erent ompliations. First of all more2 than a third (≈ 36%) of τ s will deay into eletrons or muons and be lost to this hannel. Seondly,3 hadronially deaying τ s produe jets whih are hard to distinguish from parton jets and require a4 dediated energy alibration.5 By far the largest branhing fration ontributes to the all-jets hannel. The experimental signature of6 those events (see also �gure 1.3) is:7 � At least six jets.8 � Two of these jets are, in general, high pT b-jets from the top quark deays.9 � The four other quarks should in priniple form two pairs with the W boson mass as invariant mass.10 � Absene of any isolated leptons or missing transverse energy (/ET).11 4



Figure 1.3: All-jets tt deay event signature: two high pT b-jets and at least four other jets in the absene ofany isolated leptons or missing transverse energy.The V − A nature of the t → Wb oupling in the standard model leads to a predominantly longitudinal1 polarization of the W bosons: ≈ 70% [3, 4, 5℄ for values of the top quark mass in the 170�175 GeV/c22 range [6℄. Any polarization of the W boson diretly a�ets the angular distributions of its deay produts.3 Whereas longitudinal polarization results in a distribution proportional to sin2 θ∗, where θ∗ is the angle4 between the W boson's momentum in the top quark rest frame and the down-type quark momentum in the5
W boson rest frame, transverse polarization results in a 1 + cos2 θ∗ behavior. In the former ase both deay6 produts favor the diretion perpendiular to that of the W while in the latter ase the thrust axis tends to7 be aligned with the W diretion. The relative strength of the longitudinal ontribution leads to a more even8 distribution of energy between the two jet daughters of W bosons of hadroni top quark deays. This an9 be used as an additional part of the experimental signature.10 The absene of isolated leptons is a disadvantage from the trigger point of view. Although the high jet11 multipliity makes it relatively easy to design high e�ieny multi-jet triggers for this hannel, it provides12 another hallenge: avoiding too high trigger rates on QCD multi-jet events.13 The multi-jet tt signal is extremely small ompared to general QCD multi-jet prodution. The ross14 setion for hard di-jet prodution (whih an inrease in jet multipliity from radiative jets) is more than six15 orders of magnitude larger. For bb di-jet prodution the ross setion is already a thousand times smaller,16 while for six-jet events the QCD ross setion is only a hundred times larger than the expeted tt ross17 setion. Moreover, the ross setion for QCD events with both a bb pair and four additional jets is only18 approximately six times larger than the expeted signal. This suggests a strong preseletion of data events19 on the presene of at least six jets, at least two of whih are tagged as b-jets. Sine approximately half of20 the W deays will produe c-quarks, whih tend to be tagged as b-quarks, one should allow for the presene21 of more than the expeted two b-jets.22 1.2 Measurement of the top quark pair prodution ross setion23 A ross setion being a prodution rate, the basi ingredients are the number of signal events in the datasample Nevents, the total data taking e�ieny ǫ and the total luminosity L to whih the data sampleorresponds:

σ =
Nevents
Lǫ

.The overall �ow of the analysis, shown in �gure 1.4, is as follows. First alibration and (MC) event weights24 are applied to the data and Monte Carlo samples. A series of preseletion uts is applied to eah sample to25 improve the signal-to-bakground ratio. A speially preseleted data sample is used to model the bakground26 5



Figure 1.4: Overview of the analysis work �ow.and a likelihood analysis is used to separate signal from bakground and estimate the number of signal1 events present in the data sample. After orreting for the trigger and preseletion e�ienies this gives the2 estimated number of signal events produed. Combining this with the total, integrated luminosity to whih3 the triggered data sample orresponds allows to alulate the prodution ross setion.4
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Chapter 21 Event Seletion2 This setion desribes the seletion of the data samples used in the analysis as well as the hoie of Monte3 Carlo samples and orretions applied. These riteria are applied to the data prior to using multivariate4 tehniques to separate signal from bakground and are termed `preseletion'. Preseletion uts and orre-5 sponding e�ienies are disussed in Setion 2.9. The preseletion removes events with low data quality6 (mostly due to hardware problems) and selets events based on the hadroni tt signature. After preseletion7 the sample is still dominated by bakground.8 2.1 Samples9 The data sample is the Run IIa data set, spanning the trigger list versions v8 through v14 and orresponding10 to approximately 1 fb-1 of reorded luminosity. Sine there are no QCD models available that desribe the11 data for six-jet events, instead of relying on Monte Carlo, the data-based bakground model desribed in12 Chapter 3 was used in this analysis.13 The Monte Carlo tt samples were generated using the alpgen generator v2.05 [7℄ for the hard interation,14 followed by pythia v6.319A[8℄ for fragmentation, shower development and hadronisation. All MC samples15 were proessed through the default geant based D0 detetor simulation and reonstruted using the default16 D0 reonstrution software using release p17.09.08. tt samples are available for several assumed values of17 the top quark mass. All alpgen samples were generated for the all-jets, lepton+jets and di-lepton hannels18 separately, eah in turn split into subsamples for 0, 1 and 2 additional light partons. Table 2.1 shows the19 request ids for all used alpgen samples, sorted by hannel and light parton multipliity, together with the20 mathing ross setions.21 The Monte Carlo samples are orreted for several imperfetions of the event generation and/or detetor22 simulation:23 � The entral value of the Monte Carlo samples was reweighted to orrespond the teq6.5m [10℄. (All24 MC samples were generated using teq6l1 [11℄.) The lhapdf pakage [12℄ v5.3.1 was used to interfae25 to the teq PDF sets.26 � The default top group b-fragmentation reweighting [13℄ was applied.27 � The primary vertex z-position (zPV) distribution was reweighted to math the one in data between28
|zPV| < 35 m (the rest is ut out in the preseletion). See below for more details.29 � The instantaneous luminosity pro�le in Monte Carlo was reweighted to math that of the seleted data30 sample. See below for more details.31
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Table 2.1: Request id numbers and mathing ross setions for all relevant alpgen subsamples. The `twolight partons' bin in the p17.09.06 samples is a�eted by the `inlusive bin bug' [9℄. The mathingross setions shown (marked by †) are orreted by 1.52, 1.43, and 1.54, respetively, for thisproblem. Subsample Request ids Cross setiontt_170_Alpgen_alljet+0lp 70115, 70116 1.506tt_170_Alpgen_alljet+1lp 70117 0.635tt_170_Alpgen_alljet+2lp 70132 0.314†tt_175_Alpgen_alljet+0lp 84772, 84773, 84774, 84775 1.297tt_175_Alpgen_alljet+1lp 84792, 84793, 84794 0.544tt_175_Alpgen_alljet+2lp 84812, 84813 0.267†(a) Alpgen all-jets samplesSubsample Request ids Cross setiontt_170_Alpgen_leptonjet+0lp 38689, 69333, 69335, 72854,
1.50572855, 72856, 82637, 82638tt_170_Alpgen_leptonjet+1lp 38691, 69337, 72857,
0.63572859, 82639, 82640tt_170_Alpgen_leptonjet+2lp 38692, 69339, 72860, 82641 0.309†tt_175_Alpgen_leptonjet+0lp 29249, 29250, 29266, 29267,
1.29929268, 37340, 37341tt_175_Alpgen_leptonjet+1lp 29251, 29269 0.541tt_175_Alpgen_leptonjet+2lp 29888, 29890 0.259†(b) Alpgen lepton+jets samplesSubsample Request ids Cross setiontt_170_Alpgen_dilepton+0lp 69332, 69334, 85252, 85253 0.376tt_170_Alpgen_dilepton+1lp 69336, 85254 0.159tt_170_Alpgen_dilepton+2lp 69338, 85272 0.084†tt_175_Alpgen_dilepton+0lp 29193, 29243, 29244,
0.32429262, 29263tt_175_Alpgen_dilepton+1lp 29245 0.135tt_175_Alpgen_dilepton+2lp 29885, 29886, 29889, 37322 0.070†() Alpgen di-lepton samples2.2 Data quality requirements1 Not all reorded data is suited for analysis. Oasionally problems arise with subdetetors or with the overall2 detetor- and/or trigger on�guration. The data quality seletion removes all data not suited for a given3 analysis. Data an be rejeted per run, per luminosity blok, or per event. Runs are the `ontrol room4 units' of data taking: periods generally ranging from two to four hours during whih the detetor and trigger5 on�guration is kept unhanged. Bad runs re�et the presene of longer periods of impaired data taking.6 Eah run is graded from the point of view of eah of the subdetetor, allowing analyzers to selet only those7 runs with good grades for all subdetetors of interest. This system is augmented by o�ine expert studies8 8



Table 2.2: The trigger hoie and luminosity for the di�erent run ranges. The luminosity shown is theintegrated reorded luminosity after data quality seletion.Run range Trigger L (pb-1).v8 4JT10 24.54v9 4JT10 24.07v10 4JT10 10.22v11 4JT10 64.68v12 4JT12 210.23v13a JT2_4JT12L_HT 49.34v13b JT2_4JT12L_HT 257.39v14a JT2_4JT20 189.83v14b JT2_4JT20 143.55Total L (pb-1) 973.84evaluating the shifter grades. Bad luminosity bloks are often due to problems with the trigger or luminosity1 systems or to short periods of deteriorated alorimeter performane. To rejet events a�eted by transient2 alorimeter issues like oherent noise all events are rejeted in whih any of the alorimeter quality �ags [14℄3 were raised. For this analysis the standard data quality seletion [15, 16℄ was applied. This ensures proper4 operation of all subdetetors, luminosity normalizability and only selets runs taken with o�ial trigger lists.5 Sine luminosity information is not available on an event-by-event basis, the event based data quality is6 treated as a preseletion ine�ieny. The frational data loss due to events removed based on the alorimeter7 event quality �ags has been estimated in zero-bias data. The luminosity-weighted average loss was estimated8 to be 2.702 ± 0.001% [17℄.9 2.3 Integrated luminosity10 The integrated reorded luminosity for good quality data for all run ranges is shown in Table 2.2. A detailed11 explanation and justi�ation of the luminosity hoies an be found in ref. [18℄.12 To simulate the e�ets of noise and pile-up in the Monte Carlo, all MC samples are overlaid with zero-13 bias data. The instantaneous luminosity distribution in this zero-bias data is not representative for the14 whole Run IIa data set and is reweighted to ahieve better agreement between the instantaneous luminosity15 distributions in data and MC. Figure 2.1 shows the luminosity pro�les (reorded luminosity as a funtion of16 instantaneous luminosity) for all individual triggers used. For details on the triggers please refer to Chapter 217 and Appendix A. The luminosity pro�les were ombined together aording to their respetive integrated18 luminosities (Table 2.2).19 2.4 Trigger requirements20 The trigger used in the data seletion required at least four jets (4JT). The exat trigger de�nition hanged21 from time to time depending on instantaneous luminosity and developments in the underlying algorithms.22 The run ranges assoiated with eah trigger de�nition are labeled based on te version of the trigger list as23 presented in Table 2.2. Please refer to Appendix A for a detailed listing of all trigger terms making up eah24 trigger. This appendix also ontains the full de�nitions of all run ranges in terms of run numbers.25 Single jet turn-on urves for the three levels of the triggers were taken from the standard DØ SPC �les26 detailed in DØ note 5093.27 To reate data sets of workable size the full data set is `skimmed' into subsets using a rough preseletion28 based on both the triggers that �red and the reonstruted objets in eah event. The input to this analysis29 9
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Figure 2.1: Luminosity pro�les for the individual four-jet triggers. All pro�les are saled to unit area.is the so alled `3jet' skim. This skim requires at least three Rone = 0.5 jets within |ηd| < 2.6,1 one with1 (JES unorreted) pT > 20 GeV/c and two others with pT > 15 GeV/c. The skimming e�ieny is treated2 as a fourth trigger level. Seleting all events from the muinlusive skim2 that �re at least one of the muon3 triggers (MUW_*, MUH*_*, et.) the single-jet `pT > 15 GeV/c' and `pT > 20 GeV/c' turn-on urves are4 estimated, parameterized as a funtion of JES orreted jet pT, and binned in bins of ∆ηd = 0.1. For the5 Level 4 turn-ons no distintion is made between the di�erent run ranges. Figure 2.2 shows the two skimming6 turn-on urves for both pT thresholds. The skimming turn-ons have sharp �anks around pT ≈ 25 GeV/c7 (33 GeV/c) for the `pT > 15 GeV' (`pT > 20 GeV/c') urves.8 2.4.1 Jet triggers: ombinatoris9 In ombining the single objet trigger turn-ons some are has to be taken to orretly handle the orrelations10 between di�erent jet multipliity terms with di�erent thresholds. For example a jet satisfying a 25 GeV/c11 threshold will automatially also satisfy all terms with lower thresholds. We follow the presription detailed12 in ref. [19℄.13 Using a simpli�ed notation jet(m, x) for a generi multi-jet trigger term requiring m jets with pT >
x GeV/c any multi-jet trigger with M terms an be written as

M
∏

m=1

jet(m, pT(m)),

pT(m + 1) ≥ pT(m).For example, a trigger requiring four jets with pT > 30GeV/c would be written as jet(4, 30). The trigger1ηd is detetor η where the η is de�ned with respet to (0,0,0) instead of the nominal interation.2The muinlusive skim only requires a single loose muon with a entral pT > 8 GeV/c.10
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(d) `pT > 20 GeV/c'Figure 2.2: Skimming turn-on urves as a funtion of o�ine, JES orreted, jet pT ((a), (b)) and vs. jetposition ηd ((), (d))probability for a multi-jet event an be written as one minus all possible ways not to trigger on the event:
P (event) = 1 −

M−1
∑

j=0

Pjwhere Pj represents the probability that j jets in the event satisfy the trigger. The trigger probability Pj foran event with N o�ine jets to �re a term requiring j jets an be written as the produt of j jets satisfyingthe trigger and N − j jets failing, properly summed over all permutations of j out of N jets:
Pj = jet(j, pT(j)) =

∑permutations j
∏

k=1

P (k; pT(j))
N
∏

l=j+1

1 − P (l; pT(j))



 ,with P (k; pT(j)) the probability that jet k satis�es the threshold pT(j). P0, the term requiring all jets in11



the event to fail the trigger, an be written as
P0 = 1 − P (at least one jet satis�es)

=
N
∏

i=1

(1 − P (i; pT(1))) .Here P (i; pT(1)) represents the probability for jet i to satisfy the trigger term with the highest threshold.If any one of the jets would satisfy this threshold, it would also satisfy all other terms and thus satisfy thetrigger. A general term Pi (i > 0) ontains i terms:
Pi =

i
∑

j=1

Pi,jwith
Pi,j = P

i−j+1,pT(1);i−j+2,pT(2);...;i−j+j,pT(j)
i

=
1

(i − j + 1)!

∑

j-jet permutations j1, . . . jj

P (j1; pT(1))

× (P (j2; pT(2)) − P (j1; pT(1)))

× . . .

× (P (jj ; pT(j)) − P (jj−1; pT(j − 1)))

×
N
∏

k=1,k 6=j1,...,jj

(1 − P (k; pT(j))) .Here P (i; pT(j)) is again the probability for jet i to pass threshold pT(j). The sum runs over all permutations1 of j jets out of the N jets in the event. The terms ontaining the j1 . . . jj outside the produt represent the2 probability of the j jets satisfying the trigger. To prevent double-ounting between the di�erent thresholds3 eah of these terms onsists of the probability di�erene of the jet satisfying thresholds i and i + 1. The4 produt represents the remaining N − j jets failing the trigger.5 2.4.2 Trigger Weight6 The trigger e�ieny determination is based on single-objet trigger turn-on urves. For eah trigger levelthe single-objet urves are ombined into a single turn-on urve. The di�erent trigger level turn-ons aremultiplied to obtain the overall trigger e�ieny. The overall trigger e�ienies are folded into the MonteCarlo samples as event weights. E�ets of trigger hanges over the di�erent run ranges are taken into aountby using the luminosity averaged average trigger e�ieny:
ǫ =

ΣiLiǫi

ΣiLiwhere the sum runs over all run ranges i, ǫi is the trigger e�ieny for run range i and the Li are integrated7 luminosity values from the third olumn of Table 2.2. The weight is the inverse of the e�ieny. The8 luminosity weighted average trigger e�ieny as a funtion of HT =
∑

i pT i is shown in Figure 2.3.9 2.5 Jets10 Standard DØ jet identi�ation riteria were used to selet good jets. Additionally, all jets had to have11
|ηd| < 2.5 where ηd is the jet η with respet to the enter of the detetor rather than the primary interation12 vertex.13 12
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Figure 2.3: Luminosity weighted average trigger e�ieny vs. HT.To alibrate all jet energies the �nal p17 jet energy sale (as implemented in jetorr version v07-02-67),1 inluding muon orretions, was applied. The muon orretions orret for the jet energy `missed' in the2 alorimeter and arried away by muons inside a jet. High pT muons, having nearly straight traks, are3 often reonstruted with arbitrarily high transverse momenta. To prevent these mismeasured muons from4 deteriorating the jet resolution through the muon orretions the size of the JES muon orretions is `apped'5 at 60 GeV [20℄.6 The �nal p17 Monte Carlo jet energy sale is applied to the Monte Carlo, inluding muon orretion ap-7 ping as for data. In addition jet `smearing, shifting and removal' [21℄ (SSR) as implemented in af_m_utils8 version p18-br-81 is applied. Following the ommon proedure, only smearing is applied by default, smear-9 ing plus shifting is applied to provide a systemati unertainty (see Setion 5.2.2).10 2.6 Multi-Jet Seletion11 An event sample alled `6+15' was reated by seleting events with at least six jets with pT > 15 GeV/c. A12 tighter sub-sample was used for the ross setion measurement. This sample, referred to as `4+40', required13 that at least four of the seleted jets satisfy pT > 40 GeV/c. The loose `6+15' sample was used whenever14 larger statistis were neessary for spei� studies.15 2.7 Primary Vertex16 The primary interation vertex, reonstruted with at least three assoiated traks, was required to be within17 35 m of the enter of the detetor along the Z axis. The trak multipliity ut is part of the standard D018 primary vertex seletion. Sine high jet multipliity events also tend to have high trak multipliity this ut19 is very e�ient for the sample at hand. The primary vertex aeptane orrets for the fration of events20 missed due to the vertex position ut. Figure 2.4 shows the |zPV| distribution for the `4+40' data sample.21 13



The distribution is �tted within the |zPV| < 35 m range with the sum of two Gaussians. The range is limited1 to within the SMT �duial range |zPV| . 38 m sine for verties outside that range slightly looser trak2 requirements are used. The �t extrapolation outside the �t range is also shown. The agreement between3 �t and data points in the �t range is exellent. Integrating the �t result out to |zPV| = 1000 m shows a4 primary vertex aeptane of 79.5% with an unertainty of 2.0% based on the e�ets of variations of the jet5
pT uts. The (tiny) �t unertainty is negligible ompared to those variations.6 The vertex aeptane �ts to the zPV distributions for the `4+40' and `6+15' preseletion samples yield7 statistially onsistent results. Sine the primary vertex distribution does not depend on the jet seletion (it8 is determined by the inoming beams) the `6+15' sample was used to inrease statistis in the MC to data9 omparison. Figure 2.5 shows the zPV distributions of the `6+15' sample in data and MC. The distribution in10 Monte Carlo is slightly shifted and marginally narrower than the one in data. The right �gure in Figure 2.511 shows the ratio of data/MC for the zPV distributions. The relative shift of the two distributions results in12 a `double bump' struture. This an be �tted using a fourth order polynomial (blak line in Figure 2.5) but13 instead it was hosen to use the ratio of the data- and MC �t results to the zPV distributions for the MC14 reweighting (red line in Figure 2.5). Both approahes show good agreement. The distribution of the primary15 vertex z-position zPV in Monte Carlo was reweighted to orrespond to that in data within the seleted |zPV|16 range.17 2.8 b-Jet identi�ation18 The neural network tagger [22, 23℄ is used to identify b-jets. The NN > 0.65 operating point was hosen to19 suppress the fake rate to manageable levels. The e�ienies for tagging b-jets and c-jets as well as the fake20 rate for the neural network tagger are desribed in ref. [23℄ and implemented in the btags_ert pakage.21 The required tag rate funtions (TRFs) were read from the �le22 NN_p17_trf_ert_fixed_v0.5.root. The b-tagging in Monte Carlo was implemented as an atual tag23 based on a random number. For eah taggable jet a random number is thrown and the orresponding TRF24 is evaluated. If the TRF value exeeds the random number the jet is tagged.25 Jet taggability requires the spatial mathing of a alorimeter jet with a trak jet. Imperfetions in26 the simulation of traking and/or shower development an lead to taggability di�erenes between data and27 Monte Carlo. This taggability di�erene was studied using samples with at least six jets within |ηd| < 2.5,28 three with pT > 40 GeV/c the others with pT > 15 GeV/c. Sine the �avour ontent of this data sample29 di�ers signi�antly from the (signal) Monte Carlo, b-jet seletion riteria were applied to onnaturalize both30 samples. Sine this biases the sample towards higher taggability, a ross hek was performed to study the31 e�ets. At the pT-plateau above ≈ 40 GeV/c, where no strong �avour di�erenes are expeted, the e�et32 of applying b-id is the same in data and Monte Carlo. Figure 2.6 shows a omparison between data and33 Monte Carlo taggabilities based on the b-jet seletion used in the analysis: pTb > 40 GeV/c and NN > 0.65.34 Figure 2.7 shows the orresponding data-to-MC taggability ratio.35 On average, the MC properly reprodues the taggability of the data, so by default no sale fators were36 applied to the MC events. The overall di�erenes between data and MC are of the order of 2%. Loosening37 the b-jet riteria, lowering the pT ut from 40 to 15 GeV/c or the neural network tagger ut from 0.6538 to 0.2, results in slightly lower relative taggabilities, well within the quoted systemati unertainty. This39 MC-to-data di�erenes was treated by uniformly dereasing taggability in MC by 2% (i.e. randomly making40 two in a hundred taggable jets not taggable) and using that as a systemati `down' variation. The di�erene41 was symmetrised to represent the orresponding `up' variation (see also Setion 5.2).42 2.9 Preseletion E�ieny43 The typial event signature of at least six jets, two high pT b-jets in the absene of any isolated leptons is44 used to inrease the signal-to-bakground ratio by applying a series of preseletion uts.45 Events are preseleted as follows:46 14
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Figure 2.4: The primary vertex z-position distribution (markers) in data (saled to unit area) �tted with thesum of two Gaussians (solid line). The dotted line shows the �t extrapolation outside the ±35 m�t range.
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� Events should ontain at least one good (i.e. at least three assoiated traks) primary vertex within1
|zPV| < 35 m.2 � The trigger requirement has to be ful�lled.3 � No isolated eletrons/positrons or muons are allowed. This ut assures orthogonality with the lep-4 ton+jets ross setion analyses.5 � At least six taggable jets are required with pT > 15 GeV/c and within |ηd| < 2.5. The ηd uts mainly6 improve the signal fration sine QCD multi-jet prodution tends to be more forward than the tt7 signal. The taggability requirement ensures all jets point bak to the primary vertex. It should be8 noted that no expliit veto is applied on the presene of jets from additional interations in the same9 bunh rossing. All analysis steps onsider only taggable jets assumed to belong to the reonstruted10 hard satter. An expliit veto on additional verties and/or jets would hardly be more e�etive but11 would remove a signi�ant fration of the available statistis.12 � At least four of the jets have to pass the pT threshold of pT > 40 GeV/c. The requirement of two13
pT > 40 GeV/c jets is onneted with the expetation of two high pT b-jets and also ensures the tagger14 operates in an e�ient range of its parameter spae. The requirement of two additional high pT jet15 drastially improves the signal ontent while being fairly e�ient for the tt signal.16 � At least two of those high pT jets have to be b-tagged with NN > 0.65.17 Based on the `four jets with pT > 40 GeV/c' requirement, this sample is alled the `4+40' sample. Unless18 expliitly stated otherwise, all results in this note refer to this `4+40' sample.19 The e�ienies for the above preseletion uts are summarized in Table 2.3a (Table 2.3b) assuming a top20 quark mass of mt = 170 GeV/c2 (mt = 175 GeV/c2). The number of events for eah subsample (num.) have21 been adjusted so that the total number of events is equal to the number of andidates seleted in the data. A22 signal to bakground of 12.5% was assumed for the �nal preseletion in these tables. Overall, the preseletion23 e�ieny for tt is ≈ 2%. Of the preseleted tt events, approximately 7.5% are from leptoni deay hannels.24 Most are from the lepton+jets deay hannel (≈ 60%) or τ+jet (≈ 40%). Only a few dilepton events survive25 the preseletion (≈ 0.05% of all tt).26
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tt̄ bakground S:Ball hadroni leptoni inlusivenum. exl. inl. num. exl. inl. num. exl. inl. num. exl. inl.total 3061 1.00 1.00 3814 1.00 1.00 6876 1.00 1.00vertex & DQ 2367 0.77 0.77 2953 0.77 0.77 5320 0.77 0.77triggered 1659 0.70 0.54 795 0.27 0.21 2454 0.46 0.36
≥ 4 jets with pT > 15 GeV & |y| < 2.5 1642 0.99 0.54 760 0.96 0.20 2402 0.98 0.35 18856297 1.00 1.00 1 : 7850.0
≥ 5 jets with pT > 15 GeV & |y| < 2.5 1454 0.89 0.47 451 0.59 0.12 1905 0.79 0.28 6514404 0.35 0.35 1 : 3420.2
≥ 6 jets with pT > 15 GeV & |y| < 2.5 890 0.61 0.29 171 0.38 0.045 1062 0.56 0.15 1734613 0.27 0.092 1 : 1633.7lepton veto 890 1.00 0.29 135 0.79 0.035 1025 0.97 0.15 1474734 0.85 0.078 1 : 1438.9all jets taggable 612 0.69 0.20 62 0.46 0.016 675 0.66 0.098 506291 0.34 0.027 1 : 750.6
≥ 2 b-tagged jets with pT > 15 GeV 222 0.36 0.072 22 0.35 0.0057 243 0.36 0.035 11795 0.023 0.00063 1 : 48.5
≥ 2 b-tagged jets with pT > 40 GeV 138 0.62 0.045 14 0.64 0.0036 152 0.63 0.022 2573 0.22 0.00014 1 : 16.9
≥ 3 jets with pT > 40 GeV 135 0.98 0.044 13 0.95 0.0034 149 0.98 0.022 2070 0.80 0.00011 1 : 13.9
≥ 4 jets with pT > 40 GeV 112 0.83 0.037 9 0.71 0.0025 121 0.82 0.018 929 0.45 0.000049 1 : 7.7E�ieny 0.03652 ± 0.00041 0.002464 ± 0.000042 0.01687 ± 0.00019(a) mt = 170 GeV/c2

tt̄ bakground S:Ball hadroni leptoni inlusivenum. exl. inl. num. exl. inl. num. exl. inl. num. exl. inl.total 2800 1.00 1.00 3437 1.00 1.00 6238 1.00 1.00vertex & DQ 2165 0.77 0.77 2661 0.77 0.77 4826 0.77 0.77triggered 1555 0.72 0.56 747 0.28 0.22 2302 0.48 0.37
≥ 4 jets with pT > 15 GeV & |y| < 2.5 1540 0.99 0.55 716 0.96 0.21 2256 0.98 0.36 18856444 1.00 1.00 1 : 8359.9
≥ 5 jets with pT > 15 GeV & |y| < 2.5 1371 0.89 0.49 417 0.58 0.12 1788 0.79 0.29 6514520 0.35 0.35 1 : 3643.2
≥ 6 jets with pT > 15 GeV & |y| < 2.5 846 0.62 0.30 153 0.37 0.045 999 0.56 0.16 1734675 0.27 0.092 1 : 1736.5lepton veto 846 1.00 0.30 120 0.79 0.035 966 0.97 0.15 1474793 0.85 0.078 1 : 1526.9all jets taggable 582 0.69 0.21 56 0.46 0.016 637 0.66 0.10 506328 0.34 0.027 1 : 794.7
≥ 2 b-tagged jets with pT > 15 GeV 213 0.37 0.076 19 0.34 0.0055 231 0.36 0.037 11807 0.023 0.00063 1 : 51.0
≥ 2 b-tagged jets with pT > 40 GeV 139 0.65 0.049 12 0.64 0.0035 151 0.65 0.024 2574 0.22 0.00014 1 : 17.1
≥ 3 jets with pT > 40 GeV 136 0.98 0.049 12 0.95 0.0034 147 0.98 0.024 2071 0.80 0.00011 1 : 14.0
≥ 4 jets with pT > 40 GeV 113 0.83 0.040 8 0.70 0.0024 121 0.82 0.019 929 0.45 0.000049 1 : 7.7E�ieny 0.04038 ± 0.00022 0.002359 ± 0.000081 0.01859 ± 0.00011(b) mt = 175 GeV/c2Table 2.3: Preseletion e�ienies based on the alpgen Monte Carlo samples for mt = 170 GeV/c2 (a) and mt = 175 GeV/c2 (b). Thebakground samples are partly preseleted (see Chapter 3) so only the additional uts are shown. Signal and bakground numbershave been adjusted, assuming 12.5% signal, to sum to the number of andidate events seleted in the data.
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Chapter 31 Bakground modeling2 3.1 Introdution3 Sine there are no QCD models available that desribe the data for six-jet events, instead of relying on Monte4 Carlo, a data-based bakground model is used. Starting from a guaranteed QCD multi-jet dominated data5 sample similar to the preseleted analysis sample a dediated bakground sample is generated. The following6 points are important to onsider when building a data-based bakground model:7 � The starting sample used in the bakground generation proedure should ontain a negligible amount8 of signal ontamination. As the signal signature ontains at least six jets, lowering the jet multipliity9 should derease the signal fration. The ross setion for QCD multi-jet prodution dereases strongly10 with inreasing jet multipliity. Together with the fat that even in the preseleted analysis sample11 the signal fration around ten perent, the above guarantees that any sample preseleted similarly to12 the analysis sample but with lower jet multipliity will ontain a negligible fration of signal events13 (≈ 0.5% in �ve-jet and ≈ 0.15% in four-jet).14 � The modeling proedure should not introdue signi�ant biases. It implies speial are should be taken15 to verify that mass-related variables like HT are modeled orretly.16 � All variables used in the multivariate analysis to separate signal and bakground should also be modeled17 orretly.18 The basi idea is to use four-jet and �ve-jet versions of the preseleted analysis sample to model six-jet19 bakground events. This is ahieved by mathing four-jet (or �ve-jet) events to events ontaining six (or20 more) jets with similar phase spae harateristis and donating all `extra' jets to the event with lower jet21 multipliity. This way `fake' events with high jet multipliity an be generated whih are guaranteed not22 to ontain any signi�ant signal ontributions. (In this hapter, unless expliitly stated otherwise, `six-jet'23 implies `at least six jets'.)24 The preseleted data events are double tagged meaning that at least two jets have been identi�ed using25 the b-id. The two most ommon QCD diagrams that produe bb events are diret prodution where the26 two b quarks are produed in the hard satter, and gluon splitting (g → bb). In the �rst ase, the b-jets27 typially have a large angular separation (peaks at π) and large dijet mass, while the b-jets arising from28 gluon splitting typially have small angular separation (peaks at twie the jet one radius, 2Rone =1.0) and29 smaller dijet mass. The relative proportion of diretly produed bb to gluon-split bb is a strong funtion of30 the pT of the b-jets but not should not be a strong funtion of the overall jet multipliity (for events with31 four or more jets).32 Figure 3.1 shows the results for the angular di�erene between the two leading b-jets, ∆Rb
0
b
1

=33
√

(∆ηb0b1)
2 + (∆φb0b1)

2, as well as for the invariant mass of these two b-jets relative to the mass of the34 four leading jets, Mb
0
b
1
/M4, for two hoies of the b-jet pT threshold: pT > 15 GeV/c and pT > 40 GeV/c.35 19
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/M4, pT > 40 GeV/cFigure 3.1: ∆Rb

0
b
1
(left) and Mb

0
b
1
/M4 (right) for two hoies of b-jet pT.The peak at low ∆Rb

0
b
1
is representative of g → bb while the peak near π is representive of diret produ-1 tion. The relative heights of the two peaks is strongly dependent on pT, but there is little di�erene between2 the four-jet and �ve-jet events. This study shows that even though these distributions do depend on the pT3 riteria used to selet b-jets, they depend only weakly on the number of jets in the event. This inreases4 on�dene in the use of four-jet and �ve-jet events to generate six-or-more-jet events for the bakground5 sample.6 3.2 Bakground generation proedure7 The bakground generation proedure takes as input two preseleted data samples:8 The aeptor sample is an additional data sample, preseleted exatly as the analysis sample, but on-9 taining only �ve-jet (or four-jet) events. This sample ontains a negligible amount of tt events and is10 the basis for the bakground sample. There are two di�erent aeptor samples available: one ontaining11 four-jet- and one ontaining �ve-jet events.12 The donor sample is the preseleted analysis sample of data andidate events. Jets from events in this13 sample will be donated to events with lower jet multipliity in the aeptor sample.14 The aeptor and donor samples use preseletion riteria very lose to those used for the analysis sample15 (see setion 2.9), using similar jet multipliity (six or more jets), but with slightly looser jet pT requirements.16 The double pT threshold used in the analysis preseletion (15 and 40 GeV/c) strongly shape the phase spae17 oupied by the seleted sample. This manifests itself in bumps at 40 GeV/c in the pT spetra of the fourth18 and softer jets. To failitate the phase spae mathing proedure in the bakground generation all pT uts19 were lowered to 15 GeV/c. After generation and shaping the bakground samples are tightened by inreasing20 the pT thresholds.21 20



In the mathing proedure, events from the aeptor sample are mathed to randomly seleted donor1 andidates. The goal of the mathing is to ombine events with similar phase spae on�gurations. The2
pT of the leading jet is strongly orrelated with the momentum transfer Q2 of the hard interation. This3 momentum transfer strongly in�uenes the phase spae harateristis of the event. Mathing events with4 similar leading jet pT's an be used to selet events with similar values for Q2. The phase spae of an event5 is mostly determined by that hard interation. QCD multi-jet prodution at the Tevatron is dominated by6
2 → 2 and 2 → 3 proesses. An additional mathing is required between the third aeptor jet and the7 fourth donor jet to more strongly selet events with similar phase spae harateristis. The aim is to selet8 events with similar harateristis between the softest aeptor jet and the (soft) jets to be donated.1 These9 jets are referred to as `math jets'.10 The �rst step of the bakground generation mathes events with similar transverse momenta of the math11 jets (∆pT < 1 GeV/c) and similar leading jet pT's. First a leading jet pT ut of ∆pT < 1 GeV/c is tried,12 subsequently inreased in steps of 1 GeV/c up to (∆pT)max = 20 GeV/c in ase no math is found.2 If13 no math is found the aeptor event is rejeted. Mathes whih would generate events with unphysial14 on�gurations (i.e. any donor jet has a higher pT than any aeptor jet or any donor jet overlaps within15
∆R < 0.5 with any aeptor jet) are vetoed. For mathing donor�aeptor event pairs a bakground event16 is generated by inserting the softest jets (in pT) from the donor event into the aeptor event. (So the �fth17 and sixth jets from six-jet events are added to mathed four-jet events, and only the sixth is added to a18 mathed �ve-jet event.)19 Two versions of the bakground sample are generated: one starting from the four-jet aeptor sample20 (4+2) and one starting from the �ve-jet aeptor sample (5+1). The entral bakground sample used in21 the analysis onsists of equal ontributions from eah of the 4+2 and 5+1 samples. (Due to the sizes of the22 aeptor samples the 4+2 sample is signi�antly larger than the 5+1 sample. For simpliity in estimating23 systemati unertainties a 50 − 50 mix was hosen for the ombined bakground sample.)24 The seond step in the bakground generation applies two phase spae shaping uts to improve the25 agreement of the generated bakground sample in the validation sample (see setion 3.3):26
/ET > 5 GeV27 The premise of this ut is that, sine QCD multi-jet events are not expeted to ontain signi�ant28 missing transverse energy, the presene of missing ET implies the presene of a missed jet. In this ase29 the aeptor event really has a �ve-jet-like phase spae.30
/ET/HT4 < 0.131 This ut on the relative size of the missing ET with respet to the pT-sum of the leading four jets HT432 removes badly reonstruted events as well as events with leptons or neutrinos.33 It should be noted that the distributions of most of the event shape variables are fairly well modeled by the34 �rst step of the bakground model, without shaping uts. The pT and HT (the pT-sum of all jets) spetra,35 however, in that ase tend to be slightly too soft.36 3.3 Bakground validation37 The performane of the bakground model is studied in a sample with negligible signal ontamination: the38 preseleted �ve-jet sample. To verify the bakground modeling a �ve-jet bakground validation sample39 (4+1) was generated starting from a four-jet aeptor sample and mathing to a �ve-jet donor sample.40 Comparisons between these samples for many kinemati and topologial variables used in ?? are shown in41 Figure 3.2. The agreement between the generated �ve-jet bakground sample and the original �ve-jet donor42 1An alternative was tried in mathing the fourth aeptor- to the fourth donor jet. The agreement between the generatedbakground and the data was signi�antly worse than for the third-to-fourth jet sheme. This was understood as the fourth-to-fourth jet sheme too strongly mathing events with similar leading four jets, leaving too little room for the addition of twoextra jets `below' the fourth jet.2This is implemented as follows. Randomly selet an aeptor event. Selet all donor events with similar leading- and mathjet pT's and randomly try eah of these. If none is found, inrease the leading jet pT ut and repeat.21
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Figure 3.2: Comparison between the 4+1 bakground validation sample and the original �ve-jet donor sample.Left-hand side: linear sale, right-hand side: logarithmi sale.
22
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Figure 3.2: Comparison between the 4+1 bakground validation sample and the original �ve-jet donor sample.Left-hand side: linear sale, right-hand side: logarithmi sale. (ontinued)
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Figure 3.4: Comparison between the 4+2 (× markers) and 5+1 (+ markers) bakground samples and theentral bakground sample (solid �ll). Left-hand side: linear sale, right-hand side: logarithmisale.
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Figure 3.4: Comparison between the 4+2 (× markers) and 5+1 (+ markers) bakground samples and theentral bakground sample (solid �ll). Left-hand side: linear sale, right-hand side: logarithmisale. 26
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of the /ET/HT4 ut. Therefore, it was deided to keep the /ET ut �xed and only vary the /ET/HT4 ut to1 re�et the e�ets of the hoie of the shaping uts. `Up' and `down' bakground samples were generated2 using /ET/HT4 < 0.12 and /ET/HT4 < 0.08 respetively. The e�ets are shown in �gure 3.6. Clearly the3 upper shaping ut is not able to hange the agreement between the `up' and `down' bakgrounds and the4 entral value signi�antly.5 The results of the bakground systematis studies are summarized together with the other systemati6 unertainties in setion 5.2.7
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Figure 3.6: Comparison between the `up' (× markers) and `down' (+ markers) bakground samples and theentral bakground sample (solid �ll). Left-hand side: linear sale, right-hand side: logarithmisale.
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Figure 3.6: Comparison between the `up' (× markers) and `down' (+ markers) bakground samples and theentral bakground sample (solid �ll). Left-hand side: linear sale, right-hand side: logarithmisale. (ontinued) 30



Chapter 41 Separating signal from bakground2 Signal- and bakground ontributions in the preseleted data sample are estimated using a template based3 likelihood method. Tehnially this is implemented using the tmva [24℄ pakage version v3.8.11.4 Notation Jets are numbered in order of dereasing pT, starting at one for the leading jet. This jet index5 is used as subsript for jet properties, e.g. pT1 for the leading jet pT. b-Jets and light jets are marked with6 subsripts b and l respetively.7 4.1 Likelihood input variables8 All input variables were hosen based on the following riteria:9 � they should provide good separation between signal and bakground,10 � they should be well modeled in the toy bakground sample,11 � they should introdue as little as possible mass dependene into, and the likelihood,12 � they shouldn't have signi�ant orrelations with eah other (Figure 4.1).13 The following nine variables were used in the likelihood:14
HT/HThe entrality is the ratio of summed jet transverse momenta to the summed jet energies (where thesum runs over all jets in the event):

HT
H

≡
∑jets pTjet
∑jets Ejet .It provides a handle on the mass of the partiles produed in the hard satter. High mass multi-jet15 events, like the tt signal, are expeted to be more entral than QCD multi-jet events.16

HT − pT1 − pT217 The `redued HT' is used as a ompromise between HT, whih provides strong separation between18 signal and bakground, and introduing a mass dependene. HT itself is strongly orrelated with the19 top quark mass, subtrating the two leading jet pTs almost ompletely removes this mass dependene20 while retaining most of the separation.21
Mb1b2/Mall22 Unlike in tt deays, the QCD bakground ontains a signi�ant amount of bb pairs from gluon splitting.23 Those bb pairs are expeted to be nearly ollinear and have small invariant mass. This ontribution is24 visible in the Mb1b2/Mall distribution as the additional peak to the left of the bulk of the distribution.25 31
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(a) Alpgen tt signal with mt = 170 GeV/c2
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(b) Alpgen tt signal with mt = 175 GeV/c2
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() BakgroundFigure 4.1: Correlations between all likelihood input variables for the tt signal (b) and for the QCD bak-ground ().
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λ2, λ3Both are Eigenvalues of the squared momentum tensor [25℄:
Mα,β =

∑

i pα
i pβ

i
∑

i |~pi|2where the index i runs over all jets in the event and α, β = 1, 2, 3 denote the three spatial omponents1 of the jet momenta. This tensor has three Eigenvalues: λ1, λ2 and λ3 ordered in order of dereasing2 value. The sum of all three Eigenvalues is one. The sum of λ2 and λ3 is a measure of the spherial3 symmetry of the event. Compared to the QCD bakground hadroni tt events generally are more4 spherially symmetri and have orrespondingly larger value of λ2 and λ3. By separating the two,5 orrelations between the input variables an be avoided. The third and smallest Eigenvalue of the6 squared momentum tensor is equal to the smallest sum of squares of jet transverse momenta. λ37 Determines the aplanarity of an event: a measure of how well all jets lie in a single plane. tt Multi-jet8 events tend to be more spherial, and thus have larger values for λ3, than QCD multi-jet events.9
y3 − y410 In the ase of hadroni tt deays, often the two leading jets are the b-jets from the top quark deays.11 The third and fourth jets are often a quark-antiquark pair from the deay of the same W boson and12 will predominantly be lose together. This rapidity di�erene provides an estimate of the average13 separation between the two jets from the leading W boson in the tt signal. For the ase of QCD multi-14 jet events these jets will in general be spread more widely apart. (The QCD bakground is dominated15 by di-jet events with additional radiative jets. For those events the third and fourth jets will generally16 be in opposite hemispheres.)17
(pT2 + pT3 − pT4)/(pT2 + pT3 + pT4)18 This variable is related to the energy asymmetry between the quark-antiquark pair from a W deay19 originating from a top quark disussed in Setion 1.1. It is unknown whih quarks originate from20 whih W boson. In general the two b-jets will be the leading jets. The third and fourth jets would21 then be the jets from the highest pT W. To aount for the fat that sometimes the b-jets may not22 be the leading jets the alulated asymmetry treats the seond and thirds jet equally. Even though23 the e�et is diluted by these assumptions, as well as by the use of the laboratory frame instead of the24 (anti)top quark rest frame, the expeted tendeny of the signal towards smaller asymmetries is still25 learly present.26
(pTb1yb1 + pTb2yb2)/(pTb1 + pTb2)27 The pT-weighted rapidity sum of the leading two b-jets is related to the mass of the all-jet system.28 The large top quark mass prevents large boosts along the z-diretion. This maintains relatively small29 jet rapidities while at the same time keeping the b-jets more bak-to-bak than is the ase for QCD bb30 prodution. Both e�ets lead to a narrower distribution for the tt signal than for the QCD bakground.31
(pTl1yl1 + pTl2yl2)/(pTl1 + pTl2)32 This variable represents the light-jet version of the previous parameter. The higher light-jet multipliity33 broadens the distribution.34 The distributions of the above variables for both tt signal and bakground samples are shown in Figures 4.235 and 4.3. Clearly none of these variables possesses enough separating power by themselves to distinguish36 signal from bakground.37 4.2 Likelihood performane38 The likelihood templates were determined separately for the mt = 170 GeV/c2 and mt = 175 GeV/c2 alpgen39 all-hadroni tt signal samples. The signal- and bakground samples were randomly split into two halves eah:40 one used to determine the templates for the likelihood analysis and one for use as a test sample to verify the41 likelihood performane. The likelihood output distributions for data and signal are shown in both linear-42 33
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Figure 4.2: Distributions of the likelihood input variables for the 170 GeV/c2 tt signal (orange, hashed �ll)and bakground (brown, solid �ll). Left-hand side: linear sale, right-hand side: logarithmisale. 34
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Figure 4.3: Distributions of the likelihood input variables for the 175 GeV/c2 tt signal (orange, hashed �ll)and bakground (brown, solid �ll). Left-hand side: linear sale, right-hand side: logarithmisale. 35



LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45
)2=170 GeV/c

t
 (mtAlpgen t

Background
)2=170 GeV/c

t
 (mtAlpgen t

Background

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

-210

-110

1
)2=170 GeV/c

t
 (mtAlpgen t

Background
)2=170 GeV/c

t
 (mtAlpgen t

Background

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

-210

-110

1

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

-210

-110

1

(a) 170 GeV/c2

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45
)2=175 GeV/c

t
 (mtAlpgen t

Background
)2=175 GeV/c

t
 (mtAlpgen t

Background

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

-210

-110

1
)2=175 GeV/c

t
 (mtAlpgen t

Background
)2=175 GeV/c

t
 (mtAlpgen t

Background

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

-210

-110

1

LLH output

0.0 0.2 0.4 0.6 0.8 1.0

ar
b

it
ra

ry
 u

n
it

s

-210

-110

1

(b) 175 GeV/c2Figure 4.4: Likelihood output distribution. Left-hand side: linear sale, right-hand side: logarithmi sale.and log sales in Figure 4.4. Figure 4.5 shows an overtraining hek performed on the used likelihood. This1 veri�es that the `training' samples used to determine the signal- and bakground templates were su�iently2 large to span the full sample variations. The good agreement between the results from the test sample and3 the templates themselves shows overtraining is no issue in this ase.4
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(b) 175 GeV/c2Figure 4.5: Shown are the signal- and bakground templates (hashed orange- and solid blak �ll respetively)and the likelihood output from the test samples (the seond halves of the `training' samples). Thegood agreement between the templates and the test results shows there is no sign of overtraining.Left-hand side: linear sale, right-hand side: logarithmi sale.
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Chapter 51 Results2 5.1 Signal Purity3 Figure 5.1 shows the diret result of a �t of the signal and bakground likelihood templates to the data4 likelihood distribution. Distributions for several observables not inluded in the likelihood, using the signal5 and bakground frations from the �ts, are shown in Figures 5.2 and 5.3 for mt = 170 and 175 GeV/c2,6 respetively. Comparisons with other variables are shown in Appendies B and C. The �t results show7 good agreement with the data, as well as a good Kolmogorov-Smirnov probability. The signal frations are8
(12.9±2.4)% for mt =170 GeV/c2and (12.5±2.3)% for mt =175 GeV/c2. Given 1051 data andidate events,9 this results in 136 and 131 tt events, respetively.10 5.2 Systemati unertainties11 The e�ets of systemati unertainties and variations in input variables are studied using ensemble tests.12 With the exeption of the bakground systematis, all of the systemati unertainties are assoiated with the13 signal Monte Carlo. All systemati unertainties on the measured hadroni tt prodution ross setion for14 both mt = 170 GeV/c2 and mt = 175 GeV/c2 mass points are summarised in Table 5.1. Many of these are15 self-explanatory or, like the bakground unertainty (Setion 3.4) have been already disussed. The others16 are detailed below.17 5.2.1 Signal model18 This analysis relies on the alpgen +pythiaMonte Carlo for the tt signal estimation. This is key for both the19 measurement of the preseletion e�ieny (Table 2.3 and for the shapes used in the likelihood determination20 (Chapter 4). It is possible that the signal MC does not properly reprodue the properties of the tt system.21 Many other tt analyses published by the DØ ollaboration in the lepton+jets and dilepton deay hannels22 have found exellent agreement between the alpgen Monte Carlo and the reonstruted data. Nevertheless,23 the MC might mis-estimate the jet multipliity through di�erenes in the QCD radiation or the underlying24 event. Given a lak of alternate hoies for the signal model and a lak of MC samples with varied parameters25 (e.g., more or less initial state radiation), we must extrat the systemati unertainty assoiated with the26 signal model from the data.27 Changes in the signal model are re�eted in the reonstruted jet multipliity. We therefore took the28 fration of reonstruted tt events (using the measured signal purities) with seven or more jets and weighted29 the signal MC events up and down by one sigma in the statistial unertainty on this ratio. The entire analysis30 was repeated and the resulting di�erene in the mean ross setion applied as a systemati unertainty. The31 fration of events with seven or more jets was 0.29± 0.04 for both top quark masses. We therefore weighted32 38
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Figure 5.2: Center: Distributions for seleted observables (blak markers), together with the signal and bak-ground ontributions (hashed orange and solid brown �ll respetively) obtained from the fration-�t desribed in Chapter 4. Left: same, but requiring likelihood< 0.2. Right: same, but requiringlikelihood> 0.8. All �gures are for mt = 170 GeV/c2
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Figure 5.3: Center: Distributions for seleted observables (blak markers), together with the signal and bak-ground ontributions (hashed orange and solid brown �ll respetively) obtained from the fration-�t desribed in Chapter 4. Left: same, but requiring likelihood< 0.2. Right: same, but requiringlikelihood> 0.8. All �gures are for mt = 175 GeV/c2
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Table 5.1: Systemati unertainties on the tt ross setion.Soure Unertaintypb %data statistis ±1.45 ±18.3bakground statistis ±0.30 ±3.8signal statistis ±0.09 ±1.1bakground multipliity ±0.80 ±10.1bakground phase spae ±0.28 ±3.5PDF −0.29 +0.11 −3.7 +1.4signal jet multipliity ±0.03 ±0.4jet energy resolution −0.27 +0.12 −3.4 +1.6jet ID −0.19 +0.28 −2.4 +3.6jet energy sale −0.19 +0.12 −2.4 +1.5jet energy sale shifting ±0.82 ±10.4b fragmentation ±0.02 ±0.2b/light jet response −0.17 +0.09 −2.2 +1.2TRF −0.65 +0.72 −8.2 +9.1taggability ±0.71 ±8.9trigger −0.16 +0.32 −2.0 +4.1lepton veto ±0.02 ±0.3luminosity pro�le ±0.08 ±1.0vertex reweighting ±0.01 ±0.1systemati unertainty ±1.63 ±20.6(a) mt = 170 GeV/c2Soure Unertaintypb %data statistis ±1.28 ±18.5bakground statistis ±0.26 ±3.8signal statistis ±0.04 ±0.5bakground multipliity ±0.73 ±10.5bakground phase spae ±0.12 ±1.8PDF −0.22 +0.08 −3.2 +1.1signal jet multipliity ±0.02 ±0.3jet energy resolution −0.22 +0.15 −3.1 +2.2jet ID −0.18 +0.20 −2.5 +3.0jet energy sale −0.16 +0.11 −2.3 +1.6jet energy sale shifting ±0.73 ±10.6b fragmentation ±0.03 ±0.4b/light jet response −0.10 +0.07 −1.5 +1.1TRF −0.59 +0.63 −8.5 +9.1taggability ±0.61 ±8.8trigger −0.14 +0.27 −2.0 +3.9lepton veto ±0.01 ±0.2luminosity pro�le ±0.01 ±0.1vertex reweighting ±0.01 ±0.1systemati unertainty ±1.42 ±20.5(b) mt = 175 GeV/c242



up and down by 15%. This resulted in a very small hange in the ross setion; this is listed in Table 5.1 as1 `signal jet multipliity'.2 The Monte Carlo was also reweighted to orrespond to the entral PDF of the teq6.5m PDF set. Thisset also inludes forty alternative PDFs representing up/down variations along the twenty eigenvetors of theparameter spae. The modi�ed tolerane approah [26℄ is used to estimate the e�ets of the individual PDFunertainties on the measured ross setion. This method properly estimates the unertainties for physialobservables X also in the ase in whih both up and down variations of a given PDF in�uene X in thesame diretion. Considering all N (twenty for teq6.5m) up and down variations the unertainty on theobservable X is given by:
∆X+max =

√

√

√

√

N
∑

i=1

[

max
(

X+
i − X0, X

−
i − X0, 0

)]2

∆X−max =

√

√

√

√

N
∑

i=1

[

max
(

X0 − X+
i , X0 − X−

i , 0
)]2where the index i runs over the di�erent eigenvetors and X+

i (X−
i ) represent the values of X using the up3 (down) variation of the i-th eigenvetor.4 5.2.2 Jet energy, resolution and ID5 The standard unertainties on the jet energy sale [27℄ are propagated through the analysis by shifting the6 JES orretions up and down by one sigma. Jet resolution e�ets are estimated by shifting all Monte Carlo7 jets (in pT) by the relative data-to-MC jet energy sale [21℄. This assumes that the full jet energy sale8 di�erene is due to ununderstood resolution and e�ieny e�ets in the Monte Carlo. The jet identi�ation9 e�ieny is almost 100%. Statistis-based upward variations would exeed unity, so the systematis e�ets10 due to the jet ID e�ieny use the statistial unertainty on the e�ieny for the downward variation, while11 for the upward variation the e�ieny is set to 100%.12 5.2.3 b-Jet related unertainties13 The b-jet related unertainties ontain ontributions from:14 � b-fragmentation,15 � jet taggability,16 � b-jet identi�ation, and17 � b-jet energy alibration.18 The b-fragmentation reweighting disussed in Setion 2.1 ontains a single alternative parameterisation19 for use in systemati studies. This alternative reweighting is applied symmetrially by de�ning wdown =20

wentral − (wup − wentral). As disussed in Setion 2.8, the taggability was varied down by 2.0% (absolute);21 the same result used for the upwards systemati. The e�ets of the b-tagging e�ieny were estimated22 by varying the TRFs [23℄ in both data and Monte Carlo by their respetive one-sigma unertainties. The23 jet energy sale was determined on a sample dominated by light-jets. The systemati unertainty due to24 di�erenes in both kinematis and partile omposition between b-, and light-jets, the relative b-to-light jet25 response is estimated by saling the relative response for b-jets in Monte Carlo down to 0.982 and up to26
1/0.982 = 1.018, following the presription in ref. [28℄.27
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5.2.4 Luminosity1 The unertainty on the total, integrated luminosity reorded by D0 during Run IIa is 6.1% [29℄. This2 ontribution is not ombined within the systemati unertainty but quoted separately. The systemati3 unertainty on the reweighting of the overlaid zero-bias luminosity in Monte Carlo was estimated as the4 (symmetrised) full di�erene between performing the analysis using Monte Carlo samples with and without5 this luminosity reweighting.6 5.2.5 Primary vertex position and reweighting7 To estimate the e�et of a possibly imperfet primary vertex distribution in the Monte Carlo (`Beam spot8 pro�le' in Table 5.2a) the analysis was repeated without applying the primary vertex position reweighting9 disussed in Setion 2.1. The full di�erene with the measured ross setion was applied as a symmetri10 unertainty.11 5.3 Result12 Combined with the preseletion e�ienies (Table 2.3) and luminosity (Table 2.2), this results in the followingross setions:
σtt̄(mt = 170GeV/c2) = 7.9 ± 1.5 (stat) ± 1.6 (sys) ± 0.5 (lum) pb
σtt̄(mt = 175GeV/c2) = 6.9 ± 1.3 (stat) ± 1.4 (sys) ± 0.4 (lum) pbThe statistial unertainty inludes the statistial unertainties assoiated with the signal and bakground13 templates. This was determined by re-�tting the data 100k times but allowing the signal and bakground14 templates to vary aording to their bin-to-bin statistial unertainties. The resulting unertainties are15 summarized in Table 5.1.16 Figure 5.4 shows the standard model predition together with the measured ross setion from this17 analysis. The measured ross setion is in perfet agreement with the expetation.18
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Figure 5.4: The tt prodution ross setion measured in this analysis (• markers) together with the standardmodel predition [2℄. Shown with the measured ross setion are the orresponding systematiunertainty (inluding luminosity ontributions, inner error bars) and the total unertainty (outererror bars).
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Appendix A1 Trigger Details2
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Run range Trigger version Run numbers[from to) [from-to)v8 v8.00 v9.00 160582-167016v9 - v10 v9.00 v11.00 167019-174803v11 v11.00 v12.00 174845-178018178080-178097178104-178560178645-178722v12 v12.00 v13.03 178019-178071178097-178104178618-178620178722-194567194595-194598v13a v13.03 v13.30 194567-194574194662-202025v13b v13.30 v14.00 202025-207217207229-207258207288-207343207350-207681207749-208146208246-208247208444-208501209102-209105v14a v14.00 v14.80 207217-207223207279-207280207343-207346207719-207741208168-208207208276-208435208512-209100209147-211483v14b v14.80 v15.00 211513-215671Table A.1: The di�erent run ranges used de�ned in terms of run numbers
47



Run range Trigger Level Termsv8 4JT10 Level 1 CJT(4,5)Level 2 3JET(0,8.,JET(0,7.))Level 3 L3FJet(SCJET_9,4,10.,0.,3.,0.,1.)v9 - v10 4JT10 Level 1 CJT(4,5)Level 2 3jet8_ht90Level 3 JET(SCJET_9,4,10.)_JET(SCJET_9,2,20.)v11 4JT10 Level 1 CJT(4,5)_nuLevel 2 3jet8_ht90Level 3 JET(SCJET_9,4,10.)_JET(SCJET_9,2,20.)v12 4JT12 Level 1 CJT(3,5)_nuLevel 2 3jet8_ht50Level 3 L3FJet(SC5JET_9_PV1,4,12.,0.,3.6)_L3FJet(SC5JET_9_PV1,3,15.,0.,3.6)_L3FJet(SC5JET_9_PV1,2,25.,0.,3.6)v13a JT2_4JT12L_HT Level 1 CJT(3,4eta2.4)CJT(2,5)_nuLevel 2 3JET6_HT70Level 3 Jet(JET9_PV1,4,12.,3.6)_Jet(JET9_PV1,3,15.,3.6)_Jet(JET9_PV1,2,25.,3.6)_Ht(2Jet(JET9_PV1,1,9.,3.6),240.)v13b JT2_4JT12L_HT Level 1 CJT(3,5)_nuLevel 2 3JET6_HT70Level 3 Jet(JET9_PV1,4,12.,3.6)_Jet(JET9_PV1,3,15.,3.6)_Jet(JET9_PV1,2,25.,3.6)_Ht(2Jet(JET9_PV1,1,9.,3.6),240.)v14a JT2_4JT20 Level 1 CJT(3,5)CJT(3,4eta2.6)_nuLevel 2 3JET6_ETA26HT75Level 3 Jet(JET9_PV3,4,20.,3.6)_Jet(JET9_PV3,2,25.,3.6)v14b JT2_4JT20 Level 1 CJT(3,5)CJT(3,4eta2.6)CJT(1,7eta1.8)_nuLevel 2 3JET6_ETA26HT75Level 3 Jet(JET9_PV3,4,20.,3.6)_Jet(JET9_PV3,2,25.,3.6)Table A.2: The 4JT trigger de�nitions. Minor di�erenes between trigger terms have been ignored, as have version numbers and mark-and-passterms.
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Appendix B1 Likelihood ontrol plots2 This appendix ombines all the ontrol plots for the likelihood analysis used to separate signal from bak-3 ground. Distributions are shown for a series of 59 relevant variables (�gure C.4) inluding all likelihood input4 variables. The signal and bakground normalizations were taken from the ross setion measurement given5 in Setion 5.3. Agreement was quanti�ed using Kolmogorov-Smirnov tests on the histograms. 1 Performing6 the tests on the histograms instead of on the unbinned data points biases the results towards slightly higher7 probabilities. Sine the real riterion is for the distribution of the test results to be uniform, this e�et an8 safely be ignored here. Figure C.1 shows the distribution of the resulting Kolmogorov-Smirnov test results.9 Apart from the variables already mentioned in the previous hapter, some additional variables are used10 on the ontrol plots:11 Fox-Wolfram momentsIn 1979 Fox and Wolfram devised a omplete set of spherially symmetri `event shape' variables todesribe the �nal states of eletron-positron ollisions [30℄. The l-th Fox-Wolfram moment Hl is de�nedas
Hl =

(

4π

2l + 1

) +l
∑

m=−l

∣

∣

∣

∣

∣

partiles
∑

i

Y m
l (Ωi)

|~pi|
Etot ∣∣∣∣∣2where ~pi is the three-momentum of the i-th partile in the �nal state (whih are jets in our ase).12

Ωi = (θi, φi) shows the diretion of ~pi, Etot is the total energy of all �nal state partiles and Y m
l are13 the spherial harmonis. All Hl fall into the range [0, 1]. Conservation of momentum in the �nal state14 (∑i ~pi = ~0) gives H1 = 0.15 The ombination of the spherial harmonis Y m

l with the diretions of the �nal state partiles ~pi gives16 a unique relation between the spatial shape of the �nal state and the values for Hl..17 For perfet bak-to-bak di-jets events Hl = 0 (1) for all even (odd) l. Perfetly spherial events will18 lead to all Hl being zero for all l > 0.19
cos θ∗20 The absolute value of the osine of the angle θ∗ between the three-momentum of the leading jet and21 the beamline in the restframe of the multi-jet (all jets in the event) system.22
∆Ymax23 The maximum rapidity di�erene between any two jets in the event.24
H25 The sum of the energies of all jet in the event.26 1Most of the histograms shown have been rebinned for visual reasons. All Kolmogorov-Smirnov tests were performed on thehistograms before rebinning. 49
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Figure B.1: Kolmogorov-Smirnov test results distribution orresponding to the variables in �gure C.4
Mb

0
b

1
1 The invariant mass of the four-vetor-sum of the two leading b-jets.2

Mall3 The invariant mass of the four-vetor-sum of all jets in the event.4
mjj5 The dijet invariant mass of the two jets assigned to a PW -boson aording to the best χ2 jet-parton6 ombination.7
mbjj8 The trijet invariant mass of the two jets assigned to a PW -boson together with the orresponding9

b-quark aording to the best χ2 jet-parton ombination.10
mbjj − mjj + MW11 The estimate of the top quark mass from the above two multi-jet masses.12
log(best χ2)13 The log(χ2) of the best parton-jet assignment.14
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Figure B.2: Results of the likelihood analysis ompared to data. Shown are the bakground ontribution (solid�ll), the 170 GeV/c2 tt signal ontribution (hashed �ll) and the data (blak markers). Left-handside: linear sale, right-hand side: logarithmi sale. (ontinued)55
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Figure B.2: Results of the likelihood analysis ompared to data. Shown are the bakground ontribution (solid�ll), the 170 GeV/c2 tt signal ontribution (hashed �ll) and the data (blak markers). Left-handside: linear sale, right-hand side: logarithmi sale. (ontinued)
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Figure B.2: Results of the likelihood analysis ompared to data. Shown are the bakground ontribution (solid�ll), the 170 GeV/c2 tt signal ontribution (hashed �ll) and the data (blak markers). Left-handside: linear sale, right-hand side: logarithmi sale. (ontinued)
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B.1 Control plots after utting on likelihood output1 By utting on the likelihood output value the relative signal-bakground ontributions an be varied over a2 wide range. Additional ontrol plots were made for two di�erent likelihood uts:3 � seleting only events with LLH < 0.2 to obtain a bakground dominated sample, and4 � seletin only events with LLH > 0.8 to obtain a signal-pure sample.5 B.1.1 Likelihood output less than 0.26
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Figure B.3: Results of the likelihood analysis ompared to data after utting on LLH < 0.2. Shown are thebakground ontribution (solid �ll), the 170 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale. (ontin-ued)
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B.1.2 Likelihood output more than 0.81
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Figure B.4: Results of the likelihood analysis ompared to data after utting on LLH > 0.8. Shown are thebakground ontribution (solid �ll), the 170 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale. (ontin-ued) 71
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Appendix C1 Figures for mt = 175 GeV/c22
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Figure C.1: Kolmogorov-Smirnov test results distribution orresponding to the variables in �gure C.474
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Figure C.2: Results of the likelihood analysis ompared to data. Shown are the bakground ontribution (solid�ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and the data (blak markers). Left-handside: linear sale, right-hand side: logarithmi sale. (ontinued)79
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Figure C.2: Results of the likelihood analysis ompared to data. Shown are the bakground ontribution (solid�ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and the data (blak markers). Left-handside: linear sale, right-hand side: logarithmi sale. (ontinued)
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Figure C.2: Results of the likelihood analysis ompared to data. Shown are the bakground ontribution (solid�ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and the data (blak markers). Left-handside: linear sale, right-hand side: logarithmi sale. (ontinued)
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C.1 Control plots after utting on likelihood output1 C.1.1 Likelihood output less than 0.22
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Figure C.3: Results of the likelihood analysis ompared to data after utting on LLH < 0.2. Shown are thebakground ontribution (solid �ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale.83
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Figure C.3: Results of the likelihood analysis ompared to data after utting on LLH < 0.2. Shown are thebakground ontribution (solid �ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale. (ontin-ued)
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C.1.2 Likelihood output more than 0.81
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Figure C.4: Results of the likelihood analysis ompared to data after utting on LLH > 0.8. Shown are thebakground ontribution (solid �ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale.91



6H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

0

50

100

150

200

250

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0

50

100

150

200

250
 > 0.8ttL

 (KS: 0.79) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.79) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

6H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

0

50

100

150

200

250

6H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

0

50

100

150

200

250

6H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
-110

1

10

210

310

410
 > 0.8ttL

 (KS: 0.79) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.79) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

6H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

6H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

7H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0

50

100

150

200

250

300
 > 0.8ttL

 (KS: 0.26) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.26) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

7H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

7H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

7H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

1

10

210

310

410

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
1

10

210

310

410
 > 0.8ttL

 (KS: 0.26) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.26) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

7H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

1

10

210

310

410

7H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

1

10

210

310

410

8H
0.0 0.1 0.2 0.3 0.4 0.5 0.6

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

350

0.0 0.1 0.2 0.3 0.4 0.5 0.6
0

50

100

150

200

250

300

350
 > 0.8ttL

 (KS: 0.87) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.87) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

8H
0.0 0.1 0.2 0.3 0.4 0.5 0.6

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

350

8H
0.0 0.1 0.2 0.3 0.4 0.5 0.6

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

350

8H
0.0 0.1 0.2 0.3 0.4 0.5 0.6

ev
en

ts
/0

.0
2

1

10

210

310

410

0.0 0.1 0.2 0.3 0.4 0.5 0.6
1

10

210

310

410
 > 0.8ttL

 (KS: 0.87) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.87) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

8H
0.0 0.1 0.2 0.3 0.4 0.5 0.6

ev
en

ts
/0

.0
2

1

10

210

310

410

8H
0.0 0.1 0.2 0.3 0.4 0.5 0.6

ev
en

ts
/0

.0
2

1

10

210

310

410

9H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0

50

100

150

200

250

300
 > 0.8ttL

 (KS: 0.66) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.66) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

9H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

9H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

9H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

1

10

210

310

410

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
1

10

210

310

410
 > 0.8ttL

 (KS: 0.66) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.66) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

9H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

1

10

210

310

410

9H
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

ev
en

ts
/0

.0
2

1

10

210

310

410

H (GeV/c)
200 400 600 800 1000 1200

ev
en

ts
/(

10
 G

eV
/c

)

0

20

40

60

80

100

120

140

200 400 600 800 1000 1200
0

20

40

60

80

100

120

140
 > 0.8ttL

 (KS: 0.37) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.37) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

H (GeV/c)
200 400 600 800 1000 1200

ev
en

ts
/(

10
 G

eV
/c

)

0

20

40

60

80

100

120

140

H (GeV/c)
200 400 600 800 1000 1200

ev
en

ts
/(

10
 G

eV
/c

)

0

20

40

60

80

100

120

140

H (GeV/c)
200 400 600 800 1000 1200

ev
en

ts
/(

10
 G

eV
/c

)

-110

1

10

210

310

410

200 400 600 800 1000 1200
-110

1

10

210

310

410
 > 0.8ttL

 (KS: 0.37) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.37) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

H (GeV/c)
200 400 600 800 1000 1200

ev
en

ts
/(

10
 G

eV
/c

)

-110

1

10

210

310

410

H (GeV/c)
200 400 600 800 1000 1200

ev
en

ts
/(

10
 G

eV
/c

)

-110

1

10

210

310

410

 (GeV/c)
T2

-p
T1

-pTH
50 100 150 200 250 300 350 400

ev
en

ts
/(

10
 G

eV
/c

)

0

20

40

60

80

100

120

140

160

180

200

50 100 150 200 250 300 350 400
0

20

40

60

80

100

120

140

160

180

200
 > 0.8ttL

 (KS: 0.97) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.97) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T2

-p
T1

-pTH
50 100 150 200 250 300 350 400

ev
en

ts
/(

10
 G

eV
/c

)

0

20

40

60

80

100

120

140

160

180

200

 (GeV/c)
T2

-p
T1

-pTH
50 100 150 200 250 300 350 400

ev
en

ts
/(

10
 G

eV
/c

)

0

20

40

60

80

100

120

140

160

180

200

 (GeV/c)
T2

-p
T1

-pTH
50 100 150 200 250 300 350 400

ev
en

ts
/(

10
 G

eV
/c

)

-110

1

10

210

310

410

50 100 150 200 250 300 350 400
-110

1

10

210

310

410
 > 0.8ttL

 (KS: 0.97) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.97) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T2

-p
T1

-pTH
50 100 150 200 250 300 350 400

ev
en

ts
/(

10
 G

eV
/c

)

-110

1

10

210

310

410

 (GeV/c)
T2

-p
T1

-pTH
50 100 150 200 250 300 350 400

ev
en

ts
/(

10
 G

eV
/c

)

-110

1

10

210

310

410

 (GeV/c)T4H
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

0

20

40

60

80

100

120

140

160

180

100 200 300 400 500 600 700 800
0

20

40

60

80

100

120

140

160

180
 > 0.8ttL

 (KS: 0.16) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.16) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)T4H
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

0

20

40

60

80

100

120

140

160

180

 (GeV/c)T4H
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

0

20

40

60

80

100

120

140

160

180

 (GeV/c)T4H
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

-110

1

10

210

310

100 200 300 400 500 600 700 800
-110

1

10

210

310
 > 0.8ttL

 (KS: 0.16) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.16) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)T4H
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

-110

1

10

210

310

 (GeV/c)T4H
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

-110

1

10

210

310

/HTH
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

0

20

40

60

80

100

120

140

160

180

200

220

240

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0

20

40

60

80

100

120

140

160

180

200

220

240
 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

/HTH
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

0

20

40

60

80

100

120

140

160

180

200

220

240

/HTH
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

0

20

40

60

80

100

120

140

160

180

200

220

240

/HTH
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

1

10

210

310

410

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1

10

210

310

410
 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

/HTH
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

1

10

210

310

410

/HTH
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

1

10

210

310

410

 (GeV/c)TH
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

0

5

10

15

20

25

30

35

100 200 300 400 500 600 700 800
0

5

10

15

20

25

30

35
 > 0.8ttL

 (KS: 0.18) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.18) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)TH
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

0

5

10

15

20

25

30

35

 (GeV/c)TH
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

0

5

10

15

20

25

30

35

 (GeV/c)TH
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

-210

-110

1

10

100 200 300 400 500 600 700 800

-210

-110

1

10

 > 0.8ttL

 (KS: 0.18) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.18) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)TH
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

-210

-110

1

10

 (GeV/c)TH
100 200 300 400 500 600 700 800

ev
en

ts
/(

10
 G

eV
/c

)

-210

-110

1

10

1λ
0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

0

20

40

60

80

100

120

140

160

180

200

220

240

0.4 0.5 0.6 0.7 0.8 0.9 1.0
0

20

40

60

80

100

120

140

160

180

200

220

240
 > 0.8ttL

 (KS: 0.80) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.80) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

1λ
0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

0

20

40

60

80

100

120

140

160

180

200

220

240

1λ
0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

0

20

40

60

80

100

120

140

160

180

200

220

240

1λ
0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

1

10

210

310

410

0.4 0.5 0.6 0.7 0.8 0.9 1.0
1

10

210

310

410
 > 0.8ttL

 (KS: 0.80) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.80) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

1λ
0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

1

10

210

310

410

1λ
0.4 0.5 0.6 0.7 0.8 0.9 1.0

ev
en

ts
/0

.0
2

1

10

210

310

410

Figure C.4: Results of the likelihood analysis ompared to data after utting on LLH > 0.8. Shown are thebakground ontribution (solid �ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale. (ontin-ued) 92



2λ
0.0 0.1 0.2 0.3 0.4 0.5

ev
en

ts
/0

.0
2

0

50

100

150

200

250

0.0 0.1 0.2 0.3 0.4 0.5
0

50

100

150

200

250
 > 0.8ttL

 (KS: 0.93) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.93) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

2λ
0.0 0.1 0.2 0.3 0.4 0.5

ev
en

ts
/0

.0
2

0

50

100

150

200

250

2λ
0.0 0.1 0.2 0.3 0.4 0.5

ev
en

ts
/0

.0
2

0

50

100

150

200

250

2λ
0.0 0.1 0.2 0.3 0.4 0.5

ev
en

ts
/0

.0
2

1

10

210

310

410

0.0 0.1 0.2 0.3 0.4 0.5
1

10

210

310

410
 > 0.8ttL

 (KS: 0.93) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.93) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

2λ
0.0 0.1 0.2 0.3 0.4 0.5

ev
en

ts
/0

.0
2

1

10

210

310

410

2λ
0.0 0.1 0.2 0.3 0.4 0.5

ev
en

ts
/0

.0
2

1

10

210

310

410

3λ
0.00 0.05 0.10 0.15 0.20 0.25 0.30

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

0.00 0.05 0.10 0.15 0.20 0.25 0.30
0

50

100

150

200

250

300
 > 0.8ttL

 (KS: 0.96) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.96) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

3λ
0.00 0.05 0.10 0.15 0.20 0.25 0.30

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

3λ
0.00 0.05 0.10 0.15 0.20 0.25 0.30

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

3λ
0.00 0.05 0.10 0.15 0.20 0.25 0.30

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

0.00 0.05 0.10 0.15 0.20 0.25 0.30
-110

1

10

210

310

410
 > 0.8ttL

 (KS: 0.96) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.96) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

3λ
0.00 0.05 0.10 0.15 0.20 0.25 0.30

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

3λ
0.00 0.05 0.10 0.15 0.20 0.25 0.30

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

)2 (GeV/c4M
100 200 300 400 500 600 700 800 900 1000

)2
ev

en
ts

/(
10

 G
eV

/c

0

20

40

60

80

100

120

140

160

100 200 300 400 500 600 700 800 900 1000
0

20

40

60

80

100

120

140

160
 > 0.8ttL

 (KS: 0.22) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.22) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

)2 (GeV/c4M
100 200 300 400 500 600 700 800 900 1000

)2
ev

en
ts

/(
10

 G
eV

/c

0

20

40

60

80

100

120

140

160

)2 (GeV/c4M
100 200 300 400 500 600 700 800 900 1000

)2
ev

en
ts

/(
10

 G
eV

/c

0

20

40

60

80

100

120

140

160

)2 (GeV/c4M
100 200 300 400 500 600 700 800 900 1000

)2
ev

en
ts

/(
10

 G
eV

/c

-110

1

10

210

310

410

100 200 300 400 500 600 700 800 900 1000
-110

1

10

210

310

410
 > 0.8ttL

 (KS: 0.22) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.22) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

)2 (GeV/c4M
100 200 300 400 500 600 700 800 900 1000

)2
ev

en
ts

/(
10

 G
eV

/c

-110

1

10

210

310

410

)2 (GeV/c4M
100 200 300 400 500 600 700 800 900 1000

)2
ev

en
ts

/(
10

 G
eV

/c

-110

1

10

210

310

410

)2 (GeV/callM
200 400 600 800 1000 1200

)2
ev

en
ts

/(
10

 G
eV

/c

0

5

10

15

20

25

30

35

200 400 600 800 1000 1200
0

5

10

15

20

25

30

35
 > 0.8ttL

 (KS: 0.32) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.32) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

)2 (GeV/callM
200 400 600 800 1000 1200

)2
ev

en
ts

/(
10

 G
eV

/c

0

5

10

15

20

25

30

35

)2 (GeV/callM
200 400 600 800 1000 1200

)2
ev

en
ts

/(
10

 G
eV

/c

0

5

10

15

20

25

30

35

)2 (GeV/callM
200 400 600 800 1000 1200

)2
ev

en
ts

/(
10

 G
eV

/c

-310

-210

-110

1

10

200 400 600 800 1000 1200

-310

-210

-110

1

10

 > 0.8ttL

 (KS: 0.32) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.32) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

)2 (GeV/callM
200 400 600 800 1000 1200

)2
ev

en
ts

/(
10

 G
eV

/c

-310

-210

-110

1

10

)2 (GeV/callM
200 400 600 800 1000 1200

)2
ev

en
ts

/(
10

 G
eV

/c

-310

-210

-110

1

10

all/Mb1b2M
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ev
en

ts
/0

.0
2

0

20

40

60

80

100

120

140

160

180

200

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

20

40

60

80

100

120

140

160

180

200
 > 0.8ttL

 (KS: 0.14) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.14) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

all/Mb1b2M
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ev
en

ts
/0

.0
2

0

20

40

60

80

100

120

140

160

180

200

all/Mb1b2M
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ev
en

ts
/0

.0
2

0

20

40

60

80

100

120

140

160

180

200

all/Mb1b2M
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ev
en

ts
/0

.0
2

1

10

210

310

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1

10

210

310
 > 0.8ttL

 (KS: 0.14) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.14) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

all/Mb1b2M
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ev
en

ts
/0

.0
2

1

10

210

310

all/Mb1b2M
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ev
en

ts
/0

.0
2

1

10

210

310

)2 (GeV/cb1b2M
0 100 200 300 400 500 600 700

)2
ev

en
ts

/(
10

 G
eV

/c

0

20

40

60

80

100

120

140

160

180

200

0 100 200 300 400 500 600 700
0

20

40

60

80

100

120

140

160

180

200
 > 0.8ttL

 (KS: 0.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

)2 (GeV/cb1b2M
0 100 200 300 400 500 600 700

)2
ev

en
ts

/(
10

 G
eV

/c

0

20

40

60

80

100

120

140

160

180

200

)2 (GeV/cb1b2M
0 100 200 300 400 500 600 700

)2
ev

en
ts

/(
10

 G
eV

/c

0

20

40

60

80

100

120

140

160

180

200

)2 (GeV/cb1b2M
0 100 200 300 400 500 600 700

)2
ev

en
ts

/(
10

 G
eV

/c

-110

1

10

210

310

0 100 200 300 400 500 600 700
-110

1

10

210

310
 > 0.8ttL

 (KS: 0.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

)2 (GeV/cb1b2M
0 100 200 300 400 500 600 700

)2
ev

en
ts

/(
10

 G
eV

/c

-110

1

10

210

310

)2 (GeV/cb1b2M
0 100 200 300 400 500 600 700

)2
ev

en
ts

/(
10

 G
eV

/c

-110

1

10

210

310

T/H
T1

p
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

ev
en

ts
/0

.0
2

0

50

100

150

200

250

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
0

50

100

150

200

250
 > 0.8ttL

 (KS: 0.46) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.46) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

T/H
T1

p
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

ev
en

ts
/0

.0
2

0

50

100

150

200

250

T/H
T1

p
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

ev
en

ts
/0

.0
2

0

50

100

150

200

250

T/H
T1

p
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
-110

1

10

210

310

410
 > 0.8ttL

 (KS: 0.46) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.46) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

T/H
T1

p
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

T/H
T1

p
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

 (GeV/c)
T1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

50 100 150 200 250 300 350
0

50

100

150

200

250
 > 0.8ttL

 (KS: 0.04) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.04) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

 (GeV/c)
T1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

 (GeV/c)
T1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

50 100 150 200 250 300 350
-110

1

10

210

310

410
 > 0.8ttL

 (KS: 0.04) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.04) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

 (GeV/c)
T1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

T/H
T2

p
0.10 0.15 0.20 0.25 0.30 0.35 0.40

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

350

400

0.10 0.15 0.20 0.25 0.30 0.35 0.40
0

50

100

150

200

250

300

350

400
 > 0.8ttL

 (KS: 0.76) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.76) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

T/H
T2

p
0.10 0.15 0.20 0.25 0.30 0.35 0.40

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

350

400

T/H
T2

p
0.10 0.15 0.20 0.25 0.30 0.35 0.40

ev
en

ts
/0

.0
2

0

50

100

150

200

250

300

350

400

T/H
T2

p
0.10 0.15 0.20 0.25 0.30 0.35 0.40

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

510

0.10 0.15 0.20 0.25 0.30 0.35 0.40
-110

1

10

210

310

410

510
 > 0.8ttL

 (KS: 0.76) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.76) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

T/H
T2

p
0.10 0.15 0.20 0.25 0.30 0.35 0.40

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

510

T/H
T2

p
0.10 0.15 0.20 0.25 0.30 0.35 0.40

ev
en

ts
/0

.0
2

-110

1

10

210

310

410

510

 (GeV/c)
T2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

300

350

400

50 100 150 200 250
0

50

100

150

200

250

300

350

400
 > 0.8ttL

 (KS: 0.79) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.79) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

300

350

400

 (GeV/c)
T2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

300

350

400

 (GeV/c)
T2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

50 100 150 200 250
-110

1

10

210

310
 > 0.8ttL

 (KS: 0.79) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.79) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

 (GeV/c)
T2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

Figure C.4: Results of the likelihood analysis ompared to data after utting on LLH > 0.8. Shown are thebakground ontribution (solid �ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale. (ontin-ued) 93



 (GeV/c)
T3

p
40 60 80 100 120 140

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

40 60 80 100 120 140
0

50

100

150

200

250
 > 0.8ttL

 (KS: 0.82) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.82) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T3

p
40 60 80 100 120 140

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

 (GeV/c)
T3

p
40 60 80 100 120 140

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

 (GeV/c)
T3

p
40 60 80 100 120 140

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

40 60 80 100 120 140
-110

1

10

210

310

410
 > 0.8ttL

 (KS: 0.82) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.82) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T3

p
40 60 80 100 120 140

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

 (GeV/c)
T3

p
40 60 80 100 120 140

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

 (GeV/c)
T4

p
40 50 60 70 80 90 100

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

40 50 60 70 80 90 100
0

100

200

300

400

500

600
 > 0.8ttL

 (KS: 0.99) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.99) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T4

p
40 50 60 70 80 90 100

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

 (GeV/c)
T4

p
40 50 60 70 80 90 100

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

 (GeV/c)
T4

p
40 50 60 70 80 90 100

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

510

40 50 60 70 80 90 100
-110

1

10

210

310

410

510
 > 0.8ttL

 (KS: 0.99) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.99) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T4

p
40 50 60 70 80 90 100

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

510

 (GeV/c)
T4

p
40 50 60 70 80 90 100

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

510

 (GeV/c)
T5

p
10 20 30 40 50 60 70 80 90

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

10 20 30 40 50 60 70 80 90
0

50

100

150

200

250
 > 0.8ttL

 (KS: 0.98) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.98) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T5

p
10 20 30 40 50 60 70 80 90

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

 (GeV/c)
T5

p
10 20 30 40 50 60 70 80 90

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

 (GeV/c)
T5

p
10 20 30 40 50 60 70 80 90

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

10 20 30 40 50 60 70 80 90
-110

1

10

210

310

410
 > 0.8ttL

 (KS: 0.98) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.98) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T5

p
10 20 30 40 50 60 70 80 90

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

 (GeV/c)
T5

p
10 20 30 40 50 60 70 80 90

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

410

 (GeV/c)
T6

p
10 20 30 40 50 60

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

10 20 30 40 50 60
0

100

200

300

400

500

600
 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T6

p
10 20 30 40 50 60

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

 (GeV/c)
T6

p
10 20 30 40 50 60

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

 (GeV/c)
T6

p
10 20 30 40 50 60

ev
en

ts
/(

5 
G

eV
/c

)

1

10

210

310

410

10 20 30 40 50 60
1

10

210

310

410
 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
T6

p
10 20 30 40 50 60

ev
en

ts
/(

5 
G

eV
/c

)

1

10

210

310

410

 (GeV/c)
T6

p
10 20 30 40 50 60

ev
en

ts
/(

5 
G

eV
/c

)

1

10

210

310

410

 (GeV/c)
Tb1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

300

350

50 100 150 200 250 300 350
0

50

100

150

200

250

300

350
 > 0.8ttL

 (KS: 0.07) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.07) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
Tb1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

300

350

 (GeV/c)
Tb1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

300

350

 (GeV/c)
Tb1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

50 100 150 200 250 300 350
-110

1

10

210

310
 > 0.8ttL

 (KS: 0.07) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.07) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
Tb1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

 (GeV/c)
Tb1

p
50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

 (GeV/c)
Tb2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

50 100 150 200 250
0

100

200

300

400

500

600
 > 0.8ttL

 (KS: 0.17) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.17) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
Tb2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

 (GeV/c)
Tb2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

 (GeV/c)
Tb2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

50 100 150 200 250
-110

1

10

210

310
 > 0.8ttL

 (KS: 0.17) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.17) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
Tb2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

 (GeV/c)
Tb2

p
50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

 (GeV/c)
Tl1

p
0 50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

300

0 50 100 150 200 250 300 350
0

50

100

150

200

250

300
 > 0.8ttL

 (KS: 0.89) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.89) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
Tl1

p
0 50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

300

 (GeV/c)
Tl1

p
0 50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

0

50

100

150

200

250

300

 (GeV/c)
Tl1

p
0 50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

0 50 100 150 200 250 300 350
-110

1

10

210

310
 > 0.8ttL

 (KS: 0.89) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.89) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
Tl1

p
0 50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

 (GeV/c)
Tl1

p
0 50 100 150 200 250 300 350

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

 (GeV/c)
Tl2

p
0 50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

0 50 100 150 200 250
0

100

200

300

400

500

600
 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
Tl2

p
0 50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

 (GeV/c)
Tl2

p
0 50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

0

100

200

300

400

500

600

 (GeV/c)
Tl2

p
0 50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

0 50 100 150 200 250
-110

1

10

210

310
 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 1.00) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 (GeV/c)
Tl2

p
0 50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

 (GeV/c)
Tl2

p
0 50 100 150 200 250

ev
en

ts
/(

5 
G

eV
/c

)

-110

1

10

210

310

2
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

0

20

40

60

80

100

120

140

160

180

200

220

240

-3 -2 -1 0 1 2 3
0

20

40

60

80

100

120

140

160

180

200

220

240
 > 0.8ttL

 (KS: 0.72) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.72) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

2
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

0

20

40

60

80

100

120

140

160

180

200

220

240

2
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

0

20

40

60

80

100

120

140

160

180

200

220

240

2
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

210

310

-3 -2 -1 0 1 2 3

210

310
 > 0.8ttL

 (KS: 0.72) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.72) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

2
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

210

310

2
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

210

310

3
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

0

20

40

60

80

100

120

140

160

180

200

220

-3 -2 -1 0 1 2 3
0

20

40

60

80

100

120

140

160

180

200

220
 > 0.8ttL

 (KS: 0.86) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.86) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

3
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

0

20

40

60

80

100

120

140

160

180

200

220

3
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

0

20

40

60

80

100

120

140

160

180

200

220

3
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

210

310

-3 -2 -1 0 1 2 3

210

310
 > 0.8ttL

 (KS: 0.86) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

 > 0.8ttL

 (KS: 0.86) -1DØ  L = 1.0 fb
)2 = 175 GeV/c

t
 (mtAlpgen t

Background

3
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

210

310

3
-y

1
y

-3 -2 -1 0 1 2 3

ev
en

ts
/0

.1
0

210

310
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Figure C.4: Results of the likelihood analysis ompared to data after utting on LLH > 0.8. Shown are thebakground ontribution (solid �ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale. (ontin-ued) 95
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Figure C.4: Results of the likelihood analysis ompared to data after utting on LLH > 0.8. Shown are thebakground ontribution (solid �ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale. (ontin-ued)
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Figure C.4: Results of the likelihood analysis ompared to data after utting on LLH > 0.8. Shown are thebakground ontribution (solid �ll), the 175 GeV/c2 tt signal ontribution (hashed �ll) and thedata (blak markers). Left-hand side: linear sale, right-hand side: logarithmi sale. (ontin-ued)
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